Strains of Legionella pneumophila serogroup 4 and Legionella bozemanii and three strains of a new species, for which the name Legionella israelensis is proposed, were isolated from an oxidation pond in Israel. L. isruelensis exhibited the following biochemical reactions typical of legionellae: growth on buffered cysteineyeast extract agar but not on chocolate agar or on buffered yeast extract agar without cysteine; nitrate negative; urease negative; nonfermentative; catalase positive; and motile. It did not hydrolyze hippurate, autofluoresce, or produce a brown pigment on tyrosine-containing media, and it had weakly positive gelatinase activity. It had predominantly branched-chain cellular fatty acids, similar to those described for other legionellae, and had major amounts of ubiquinones with more than 10 isoprene units in their side chains. It could be distinguished from all previously described Legionella species and serogroups by using antisera in slide agglutination tests. As determined by the hydroxyapatite method at 60°C, deoxyribonucleic acids from the three L. israelensis strains were 95% or more related, and the levels of relatedness of the type strain to other legionellae were 12% or less. The type strain of L. israelensis is strain Bercovier 4 (= ATCC 43119).
preliminary data indicate the existence of at least nine additional species and 10 additional serogroups within existing species (Brenner and Wilkinson, unpublished 
data). Eleven species ( L . pneumophila, L. bozemanii, L . micdadei, L . dumofii, L . longbeachae, L . jordanis, L . oakridgensis, L . wadsworthii, L . feeleii, L . maceachernii and L.
hackeliae) either have been isolated from or have been determined to be positive by the direct immunofluorescence assay in patients with legionellosis (4, 22, 24, 28) . The remaining 11 species have thus far been isolated solely from the environment (4, 24) .
In this report we describe the isolation of legionellae from oxidation ponds containing water used for irrigation and from ponds used to grow fish in Israel. During this investigation a new species, Legionella israelensis, was isolated.
MATERIALS AND METHODS
Strains. The Legionella strains isolated in Israel, including the three strains of L . israelensis sp. nov., are listed in Table  1 . The type and reference Legionella strains used in deoxyribonucleic acid (DNA) hybridization studies (see Table 2 ) have been described previously (4). The strain designations used at the Centers for Disease Control and the American Type Culture Collection are given for all type strains. For * Corresponding author. the isolation of legionellae, 100-ml water samples were centrifuged at 5,000 rpm for 15 min at room temperature. The sedimented material was suspended in 5 ml of the supernatant water. Portions of the concentrated water Samples were further treated at low pH (3), by exposure to antibiotics (25) , and by exposure to both treatments simultaneously. Both samples treated as described above and untreated samples were plated undiluted and at lo-* dilutions on buffered charcoal-yeast extract (BCYE) agar supplemented with alpha-ketoglutaric acid (6), on MWY medium (which is BCYE agar supplemented with glycine and antibiotics [27] ), and on both chocolate agar and BCYE agar without cysteine, neither of which support the growth of legionellae. Plates were incubated for 7 days at 35°C in a humid atmosphere without added carbon dioxide. Suspected legionellae were picked after 3 to 7 days of growth.
Cultural and biochemical tests. Phenotypic characterization of legionellae was done as previously described (4), except as noted below. Acidification of carbohydrates was assayed on deep-butt sugar agar incubated for 7 days at 35"C, and gelatinase activity was determined by the film method, in which Kodak 3X film was heavily inoculated. The film gelatin test was read after 24 h of incubation at 35°C.
Cellular fatty acids and isoprenoid quinones. The cellular fatty acids and isoprenoid quinones were determined as previously described (18) (19) (20) . Tentative identifications from chromatographic analyses were confirmed by mass spectrometry (9, 17).
Slide agglutination test. Antisera were prepared to strain Bercovier 4T (T = type strain) and absorbed to remove cross-reactions, and the slide agglutination test was done with all known Legionella species and serogroup strains and their corresponding antisera as described previously (23) .
DNA studies. The isolation of DNA and all of the methods used to determine guanine-plus-cytosine content and DNA relatedness based on hydroxyapatite content were done exactly as previously described (4). +, Positive; -, negative; +(w), weak reaction.
RESULTS
Between February and June 1984, 70 water samples were collected from various locations in Israel. Among these were 28 potable water samples, 28 samples from oxidation ponds used for irrigation, and 14 samples from fishponds. Legionellae were isolated from two irrigation water samples and from two fishpond samples (Table 1 ). The four water samples yielded 10 legionellae after culturing. Seven of these were confirmed to be strains belonging to L . pneumophila serogroups 1,2,3 (two strains), and 4 and L. bozemanii serogroup 1 (two strains). Three other Legionella-like strains, all isolated from an oxidation pond in Gaash, did not produce a brown pigment on tyrosine-containing yeast extract agar (Table 1) (20) . The major components were an anteiso-branched-chain 15-carbon acid (a-15:O acid), which constituted 30% of the total acids, an iso-branched 16-carbon acid (i-16:0 acid) (21%), and an anteiso-branched 17-carbon acid (a-17:O acid) (17%). Also present were palmitic acid (16:O acid) (6%), palmitoleic acid (16:l acid) (7%), arachidic acid (20:O acid) (4%), and a 17-carbon cyclopropane acid (17:O cyc acid) (4%). The ubiquinone patterns of the three strains of L. israelensis were similar, as each contained approximately equal amounts of ubiquinones Q12 and Q13 and small amounts of ubiquinone Q11.
The guanine-plus-cytosine content of the three L . israelensis strains was 40.9 mol%. DNA relatedness studies ( Legionella: growth on BCYE agar but not on media lacking cysteine; nitrate negative; urease negative; nonfermentative, catalase positive; predominantly branched-chained cellular fatty acids; major amounts of ubiquinones with more than 10 isoprene units in the side chains. Other biochemical reactions include lack of bluish white or red autofluorescence, absence of a brown pigment on tyrosine-containing media, weak gelatinase activity, and a negative hippurate hydrolysis reaction (Table 1) . L . israelensis is the 23rd described Legionella species. The three known strains were isolated from an oxidation pond in Gaash, Israel, in 1984. The guanine-plus-cystosine content of DNAs from the three strains is 40.9 mol%. The type strain, strain Bercovier 4 (= ATCC 43119), has a guanine-plus cytosine content of 40.8 k 0.6 mol%.
DISCUSSION
Legionellae have been isolated from the environment and from humans in many parts of the world. Surprisingly, there has been only one confirmed case of legionellosis in Israel (l), and only two isolates of L. pneurnophila serogroup 1 have been found in Israel previously (1, 2). Boldur et al. isolated one strain from a pail of water in a hospital garden in Ramat-Gan during an investigation of high Legionella titers in the sera of some hospital patients (2). Bercovier et al. isolated the second strain at Hadassah University Hospital in Jerusalem from a lung biopsy of a 72-year-old man who died with legionellosis (1).
We now know that strains of L . pneumophila serogroups 1 through 4, L. bozemanii serogroup 1, and L. isruelensis are present in freshwater sources in Israel. In all probability additional study will reveal the presence of additional Legionella species.
L. israelensis was placed in the genus Legionella on the bases of its overall cultural and biochemical characteristics; its predominantly branched-chain cellular fatty acid composition, and the presence of major amounts of ubiquinones Single-stranded, sheared, ''PO.,-labeled DNA from L. isruelensis Bercovier 4T was reacted with similarly prepared, unlabeled DNAs from the same strain (homologous reaction) and from a number of other legionellae (heterologous reactions). Each reaction was done at least twice. Reassociation values in homologous reactions averaged 64% before normalization. Control reactions in which labeled DNA was incubated in the absence of unlabeled DNA showed 1.0 to 2.5% binding to hydroxyapatite. These control values were subtracted before normalization.
' Percent relatedness (or relative binding ratio) was calculated as follows: percent relatedness = (percentage of DNA bound to hydroxyapatite in heterdogous reactiodpercentage of DNA bound to hydroxyapatite in homologous reaction) x 100.
with more than 10 isoprenoid units in the side chains (lo), all of which are typical properties of the genus. Further evidence for the inclusion of the three L. isruelensis strains in the genus Legionella was gained from their low, but significant levels of relatedness to previously described Legionellu species (Table 2) and their positive reactions (86% relatedness, as determined by our standard hybridization assay [4]) to a genus-specific Legionella ribosomal ribonucleic acid gene probe (12) provided by D. E. Kohne of Gen-Probe, Inc., San Diego, Calif. (data not shown). The three L. israelensis strains had identical phenotypic characteristics, and their DNAs were 95 to 100% related, leaving no doubt that they represent a single species. That L . isruelensis represents a new Legionella species was confirmed by its less-than-species-level of relatedness to DNAs from 17 type strains of legionellae (strains of a species almost always exhibit 70% or greater DNA relatedness [4]). Type strains of five Legionella species were purposely not included in the DNA relatedness studies because they were 35 to 65% related to other type strains that were included. The low levels of relatedness of L . isruelensis to the species tested preclude the possibility of species level relatedness to the species that were not tested.
As with most Legionella species, it is difficult, if not impossible, to identify L. israelensis solely on the basis of its biochemical reactions. This is because most species give very similar reactions and because, in most cases, too few strains have been tested to determine whether there is variability in their biochemical profiles. L. israelensis fails to produce a brown pigment on tyrosine-containing yeast extract agar. This characteristic is shared only by L. wadsworthii, L. micdadei, and one known strain of L. dumofii, although L. feeleii gives a weak, delayed browning reaction. These species might be separated on the bases of their gelatinase reactions (weakly positive in L. israelensis, positive in L. wadsworthii and L. dumufii, and negative in L. micdadei and L. feeleii), but this distinction would be presumptive at best. A combination of cellular fatty acid and quinone analyses would distinguish among these species, as would serologic typing. Antisera produced to the L . isruelensis type strain agglutinated only the homologous antigens after absorption, and antisera produced to the other 35 Legionella serogroups did not agglutinate L. israelensis antigens.
